Consumption of lowfat and skim milk has increased substantially over the past decade. This study investigates whether the change is due to price and expenditure effects or to a more fundamental preference change in milk demand. Parametric and nonparametric analytical approaches provide a comprehensive analysis of structural change in milk consumption in New York State. A nonparametric approach first finds evidence of structural change. A parametric likelihood-ratio test then confirms the existence of structural change using a Kalman filter specification. The value of this technical analysis of milk preferences is its implication for labeling initiatives. Milk fat labels have allowed consumers to act on a new set of preferences, thereby improving consumer welfare.
Fluid milk consumption patterns have changed considerably in recent decades. According to the U.S. Department of Agriculture (USDA), two major trends are indicated at a national level from 1970 through 1999. First, annual per capita total fluid milk consumption, not including flavored milk products, decreased by 24%, from 255 to 194 pounds. Second, whole milk's share of fluid milk consumption declined from 83% to 36%. The share of lowfat (1% and 2% milk fat) and skim milk increased from 17% to 64%. In particular, per capita consumption of skim milk rose significantly in the late 1980s and throughout the 1990s.
A similar trend away from whole milk consumption was also witnessed in New York State in the 1990s. Figure 1 displays monthly milk consumption ratios and relative prices in New York State from 1991 through 1998. The figure illustrates two facts: (a) lowfat and skim milk consumption both increased relative to whole milk consumption, and (b) relative price changes among the three products were small throughout the period.
Takeshi Ueda is graduate assistant and Darren L. Frechette is assistant professor of agricultural economics, both in the Department of Agricultural Economics and Rural Sociology, The Pennsylvania State University, University Park, Pennsylvania. The authors thank Jeff Hyde, Jenni James, Hyun Joung Jin, Jon Tuthill, and three anonymous referees for helpful comments on previous drafts of this manuscript. Figure 2 shows skim milk consumption increased relative to lowfat milk consumption over the 1991S1998 period. As observed from figures 1 and 2, more lowfat and skim milk and less whole milk were consumed in New York State throughout the period, but the changes do not appear to have been driven by relative prices.
The observed trend away from whole milk consumption has motivated scholars to perform structural studies of demand for fluid milk products. One type of study focuses on the effect of specific factors on the quantity and kinds of fluid milk products consumed using household data (e.g., Cornick, Cox, and Gould, 1994; Huang and Raunikar, 1983; Jensen, 1995; Raunikar and Huang, 1984) .
Another type of study is structural analysis using a demand system approach (e.g., Gould, 1996; Gould, Cox, and Perali, 1990) . These analyses have identified various demand shifters related to consumption of fluid milk products: (a) increased public concern about cholesterol and animal fats, (b) demographic change, (c) change in substitute prices, (d) increased income, and (e) increased education.
Another well-explored direction of study examines the effect of advertising on milk sales (Kaiser et al., 1994; Kaiser and Reberte, 1996; Kinnucan, 1986; Lenz, Kaiser, and Chung, 1998; Vande Kamp and Kaiser, 2000) . While most of the studies report Month Ratio lowfat/whole consumption ratio lowfat/whole price ratio skim/whole consumption ratio skim/whole price ratio effects of advertising on milk demand without considering fat content, Kaiser and Reberte (1996) focus on the milk demand structure by investigating differences in advertising effects on whole, lowfat, and skim milk demands. They conclude the effects were not statistically different.
In this paper, we investigate whether there is statistically measurable evidence of recent structural change in New York State fluid milk demands employing a demand system approach, and if so, what is the character of the change. The character of such a structural change would be important by itself, but a result confirming structural change would also indicate milk fat labels are effective.
Milk fat labels aim to improve consumer welfare by giving consumers a choice, by helping consumers to actualize their preferences. The labels themselves likely have not caused a structural change, but without labels consumers could not differentiate among milk products and could not form clear preferences in the first place. Labels can have multiple objectives, but this study is concerned only with their role in product differentiation. A lack of statistical evidence in favor of structural change may indicate there has been no measurable structural change in milk demand during the 1990s, or may suggest the labels are ineffective.
The methodological contribution of this paper is a structural analysis implementing both nonparametric and parametric analytical approaches. In both approaches, milk products are assumed to constitute a weakly separable group.
1 The nonparametric approach includes a revealed preference test (Chalfant and Alston, 1988; Varian, 1982) and a rank-sum test (Frechette and Jin, 2001 ) based on the revealed preference test results. The parametric analysis is performed to confirm the nonparametric results and attempt to characterize the nature of structural change, if it is found.
A nonnested model selection criterion developed by Barten (1993) is used to select the best model among four demand systems, which include the Rotterdam model and the almost ideal demand system (AIDS) model. The selected system is then reestimated with a Kalman filter specification, which allows parameters to vary with time, and compared with its fixed-parameter specification to identify structural change.
Nonparametric Approach
The nonparametric approach examines whether preferences are stable, i.e., whether consumption data are consistent with utility maximization by a representative consumer. The advantage of nonparametric approaches is that specification of functional forms is not an issue. We test the following null hypothesis: A set of preferences is stable and the variation in consumption can be explained fully by changes in relative prices or incomes. Rejection of the null hypothesis implies there is evidence of structural change in preferences.
The nonparametric approach is based on revealed preference theory (Houthakker, 1950; Samuelson, 1938; Varian, 1982 Varian, , 1983 . A revealed preference test for structural change in consumer demand was developed by Varian (1982) to examine whether demand is consistent with utility maximization. The axioms of revealed preference are the foundations of the test. If consumers who can afford the same two bundles of goods at different times are not consistent in their preferences between the bundles at all times, then there is evidence of structural change. Chalfant and Alston (1988) employ both the weak and strong axioms of revealed preference to investigate structural changes in meat consumption in the United States and in Canada.
Despite their generality, revealed preference tests have three drawbacks. Thurman (1987) and Varian (1982) contend the tests may have low power. For example, when budget lines fail to cross, there is little chance of finding observations inconsistent with the axioms, and therefore there can be little evidence of changes in preferences. For most goods, there has been steady growth in real expenditure, so budget lines in different time periods rarely cross.
A second drawback is that the tests do not provide any information about the nature of stable preferences, how to identify the functional form and elasticities of demand, or whether results from estimation will be plausible (Alston and Chalfant, 1991) .
Finally, most revealed preference tests are restricted to deterministic demand systems or demand systems with linear shocks that do not affect the marginal rate of substitution between goods. Hence, fads, seasonality, and other transitory nonlinear shocks affecting preferences from period to period can result in a violation of the axioms of revealed preference, even in the absence of permanent structural change.
The Frechette and Jin Method
To address the third drawback, Frechette and Jin (2001) developed a method to distinguish between nonlinear shocks and permanent structural change. The first stage utilizes Varian's (1982) weak axiom of revealed preference (WARP) test to test the null hypothesis that observed data conform to utility maximization. The underlying assumptions are: (a) the goods constitute a weakly separable group; (b) there exists a well-behaved utility function which is nonsatiated, continuous, monotonic, and concave; and (c) shocks to the utility function are linear so they do not affect the marginal rates of substitution between any two goods.
Implementation of the WARP test is facilitated by constructing a matrix Φ (see figure 3) . Suppose the number of observations is T, and a bundle of goods demanded and their prices are represented by vectors q t and p t at time t. The matrix Φ will be {T ×T } with elements φ st ' The scalar p s N q t / p s N q s . φ st represents the affordability of bundle q t at time s, with φ st less than or equal to one if q t is affordable at time s, and φ st greater than one if not. Each element φ st below the diagonal is compared with its counterpart, φ ts , above the diagonal. If both are less than one, a violation of the WARP is noted, indicating a preference reversal.
A preference reversal occurs when the consumer chooses a bundle of goods q t over another bundle q s at time t and chooses q s over q t at time s, even though both bundles are affordable at both times. If no preference reversal appears, then stable preferences cannot be rejected, and no further test is indicated. Otherwise, an additional step examines whether preference reversal occurred due to permanent structural change. The null hypothesis is that a transitory nonlinear shock caused the violation of WARP. The alternative is a permanent structural change.
The test is initiated by dividing the below-diagonal portion of the matrix Φ into three partitions based on a potential breakpoint, τ (figure 3). The upper left triangle represents an "early" partition including elements φ st such that s and t are periods before the breakpoint (s, t < τ). The lower right triangle represents a "late" partition including elements φ st such that s and t are periods after the breakpoint (s, t $ τ). The portion remaining, the rectangle below the early partition, represents a "spanning" partition including elements φ st from before and after the breakpoint (t < τ # s).
Then the number of violations within each partition is calculated. For example, if the matrix Φ is {10 × 10}, it has 45 elements below the diagonal. If τ is 5, there are 6 possible violations in the early partition, 15 in the late partition, and 24 in the spanning partition, for a total of 45 possible violations (see figure 3 for an illustration). If preferences are fixed over the sample, the unconditional probability of observing violations is the same in each partition. If preferences shift permanently at some time τ, then the probabilities of observing violations in each partition may differ due to structural change.
In order to determine whether the probability of observing a violation differs from partition to partition, a Kruskal-Wallis test is performed. The Kruskal-Wallis test extends the concept of a ranksum test to a comparison of more than two populations (Ott, 1988) . In the test, violations in the three partitions are regarded as draws from three distinct distributions. The null hypothesis of the test is that the three distributions are identical.
The Kruskal-Wallis test statistic is written as:
where n i is the number of violations out of a possible N i comparisons in partition i, where i 0 {early, spanning, late}; N is the total number of comparisons in all partitions and n is the total number of violations; and θ i is the average rank sum for partition i. When there are a large number of ties in the ranks, as was found in this analysis, the adjusted Kruskal-Wallis statistic is used (Ott, 1988) :
Under the null hypothesis, W has an asymptotic Chisquared distribution with two degrees of freedom. W can be calculated at each possible breakpoint τ and a profile plotted. The test statistic becomes larger as the differences among the three distributions increase. As τ approaches the most likely breakpoint, the test statistic reaches its maximum (W*). A permanent structural change is indicated if the null hypothesis is rejected for any τ. 3 Prices for half gallons and gallons are available for whole milk and 2% milk, but only prices of half gallons are available for 1% milk and skim milk. Prices used here are per gallon, so prices of 1% and skim milk are extrapolated from those of half gallons using a conversion ratio computed from whole milk and 2% milk prices. 4 The data are observed monthly and aggregated over households in New York. Alternative specifications use household-level data aggregated over longer periods of time. prices are indicated in dollars per gallon and sales are indicated in pounds. Expenditure shares for each product are derived by dividing expenditure for the product by total expenditure for all kinds of fluid milk.
Nonparametric Approach: Results and Interpretation
The results of the WARP test indicate preference reversals. In table 1, the first and second columns indicate how many different bundles q t are affordable at a set of fixed prices p s , and at how many different sets of prices p t a bundle q s is affordable. The third column is based on the results of the first and second columns. Out of 4,560 cases, 26 violations are confirmed, implying a 0.57% violation rate.
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Further testing is needed to identify whether the violations are due to permanent structural change.
The adjusted Kruskal-Wallis statistic is computed and plotted in figure 4. The statistics are larger than 15.00 (the 95% critical value) from September 1992 to February 1997. In particular, the statistics from March 1993 to October 1996 are consecutively above 18.26 (the 99% critical value), and reach a maximum in December 1994.
Based on the adjusted Kruskal-Wallis test, the violation probability differs between pairs of partitions (early-late, early-spanning, or late-spanning), which implies the violations are caused by a permanent structural change. The test results also suggest the most probable structural breakpoint occurred around December 1994. More likely, the structural change was gradual throughout the period, and December 1994 is just a convenient mid-point. Gradual structural change is modeled using a Kalman filter as part of a parametric specification.
Parametric Approach
Analyses of structural change have commonly made use of parametric empirical analysis. A common procedure is to specify and estimate a system of demand equations defined over prices and quantities and then to examine stability of the parameters using a Chow test, dummy variables, and time-varying parameters. The legitimacy of these approaches depends on the fundamental assumptions that the demands comprise a weakly separable system and are a function of prices and expenditures only. The prices of other commodities are only relevant insofar as they determine the expenditure on the commodities of interest (Varian, 1992) . The parametric approach, in general, pinpoints factors of structural change and measures their significance. However, all parametric test results are conditional on the functional form chosen, and so model selection is a key issue.
Considerable demand research, including the demand for dairy products, has made use of various functional forms in parametric structural analyses. Gould, Cox, and Perali (1990) incorporate demographic variables into the AIDS model to examine the impacts of changes in the demographic structure of the United States on fluid milk demand. In addition, they include juices, other beverages, and other food in the demand system. They conclude that whole milk and lowfat milk (skim, 1%, 2%) are substitutes for each other and that lowfat milk (skim, 1%, 2%) and fruit juices are substitutes.
Another analysis on fluid milk demand conducted by Gould (1996) found demands for whole milk, 2% milk, 1% milk, and skim milk combined are all substitutes for one another. Gould's findings also show demographic characteristics significantly affect U.S. milk demand.
Employing U.S. household food consumption survey data from 1948 and 1984 , Heien and Wessells (1988 estimate the AIDS model to analyze the structure of dairy product demand, in which fluid milk is identified as a single commodity. They classify demand shifters into economic and demographic effects and perform a decomposition of the causes of demand changes over time. Based on their results, Heien and Wessells conclude demographic effects are significant and argue that very little taste change has occurred in dairy product demand. In addition to dairy products, parametric analyses of demand structure have been extensively conducted on meat demand and provide a good reference point for further demand structure analysis. The literature includes investigations by Alston and Chalfant (1993) ; Choi and Sosin (1990) ; Eales and Unnevehr (1988, 1993) ; Kinnucan et al. (1997); and Thurman (1987) .
Some analysts attempt to address the issue of misspecification of functional forms. Eales and Unnevehr (1993) demonstrate the inappropriateness of quantity-dependent specifications for the U.S. meat demand system and develop the inverse of the AIDS model (IAIDS). Alston and Chalfant (1993) devise pairwise tests for choosing between the Rotterdam model and the AIDS model.
Apart from meat demand studies, Barten (1993) develops a nonnested model selection criterion which enables one to compare four models (AIDS, Rotterdam, and hybrids of the AIDS and Rotterdam-the CBS and NBR models 6 ). Lee, Brown, and Seale (1994) apply the method devised by Barten to a Taiwanese consumption study.
Barten's Nonnested Model Selection Criterion
Barten's (1993) model selection criterion rests upon a general model which nests models of four different functional forms. To take advantage of its generality, Barten's system is used here and can be expressed as:
The index {i '1, 2, 3} repdln(Q) ' Σ i w i dln(q i ). resents whole, lowfat (1% and 2%), and skim milk. The variables w i , q i , and p i denote, respectively, an expenditure share, a demand quantity, and a price of the ith commodity. The data for the nonparametric analysis are employed again in the parametric analysis. 7 The general model becomes the Rotterdam model when δ 1 ' δ 2 ' 0, the CBS model when δ 1 ' 1 and δ 2 ' 0, the AIDS model when δ 1 ' 1 and δ 2 ' 1, and the NBR model when δ 1 ' 0 and δ 2 ' 1.
The demand restrictions placed on the system are as follows: 6 The CBS and NBR models are named after the Netherlands Central Bureau of Statistics and the National Bureau of Research, respectively. 7 A demand system such as the AIDS or Rotterdam model conventionally requires only prices, consumption, and expenditure shares as explanatory variables, with some exceptions [e.g., Gould, Cox, and Perali (1990) incorporated demographic variables into a demand system of equations]. We used only prices, consumption, and expenditure shares since demographics (in terms of age and race) during the sample period do not show substantial changes. For instance, the under-18 age group has been steady at 23%. The only noticeable change is observed for the nonwhite group, which rose slightly from 32% to 35%. It is possible the nonwhite shift could have some effect in the long run, but the variation is too small to affect parameter estimates within the sample period. (4) (symmetry). e ij ' e ji Barten's model selection criterion is a pairwise comparison between the general model and each of the four specific models using a likelihood-ratio test.
The Kalman Filter Specification
Applied parametric analysis has been performed widely with the fixed-parameter regression model. If parameters actually vary from time to time, how can models with fixed parameters capture gradual change? The Kalman filter specification is capable of accommodating gradual changes; hence, it can avoid misidentification of structural change caused by temporary fluctuations of coefficients.
In an application of the Kalman filter specification to structural analysis, Chavas (1983) investigates structural change in U.S. meat demand. The specification is based on the consideration that demand elasticities may vary over time. Tegene (1990) employs the Kalman filter specification for structural analysis of beverage demand in the United States.
In this study, the specification used by Chavas (1983) is employed for its tractability. The observation (or measurement) equation is specified as:
where y t is a {T ×1} vector of observations on T dependent variables, x t is a {T × k} matrix of T observations of k independent variables, β t is a {k × 1} column vector of parameters, and u t is a {T × 1} random vector, serially uncorrelated and distributed with mean zero and time-invariant covariance matrix σ.
The parameter β t is assumed to be generated by the process:
where v t is a {k × 1} column vector of serially uncorrelated disturbance terms with mean zero and covariance matrix Ω t (process noise), and is assumed to be uncorrelated with u t . This specification implies the parameters are allowed to follow a random walk.
Equation (6) is known as the state (or transition) equation. Equations (5) and (6) specify state space models for the Kalman filter. A brief description of the recursive Kalman filter algorithm to be used is provided in the appendix [see Meinhold and Singpurwalla (1983) for an approachable treatment with more detail].
In the Kalman filter specification described above, the process noise (Ω t ) is the key element for identification of structural change. In the absence of noise, Ω t ' 0 and the model is the classical fixedcoefficient model. On the other hand, a random coefficient model is obtained if process noise exists (Ω t …0). The model without the process noise can be interpreted as a restricted model, and the model with the process noise is an unrestricted model.
Identification of structural change is achieved by a likelihood-ratio test between the restricted model and its unrestricted counterpart. This approach differs from that of Chavas (1983) who assumed the process noise variance at time t (Ω t ) is proportional to the variance of the parameter estimate at time t !1 (Σ t !1 ), and then examined whether the ratio of the standard deviation of the process noise to the standard deviation of the parameter estimate is zero, which implies no structural change.
Using our approach, the null and alternative hypotheses are Ω t '0 and Ω t …0. Rejection of the null hypothesis indicates a structural change. If the null hypothesis cannot be rejected, the Kalman filter results are asymptotically equivalent to least-squares estimates (Chavas, 1983) .
In this situation, the parameters are constant over time, and there is no structural change. The likelihood-ratio test statistic is distributed asymptotically as χ 2 (k (k + 1)/2), where k is the number of parameters.
Parametric Approach: Results and Interpretation
Each of the four alternative models is estimated with the seemingly unrelated regression (SUR) technique using all 96 observations. We applied Barten's criterion to the fixed-parameter model to identify the "best" model, as shown in table 2. 8 The AIDS model is the only one that cannot be rejected. Hence, the AIDS model is selected for the following structural analysis. The AIDS model employing the Kalman filter specification is estimated and compared with its fixed-parameter SUR counterpart. For the estimation with the Kalman filter specification, the first 23 observations are used to obtain priors for the estimation, leaving 73 additional observations. The likelihood-ratio statistic (481.98) is larger than the 95% critical value (267.45), indicating a rejection of the fixed-parameter specification. The test provides evidence of structural change in fluid milk consumption, consistent with the results from the nonparametric analysis. Table 3 shows estimation results for price and expenditure elasticities for whole, lowfat, and skim milk demands. All the expenditure elasticities are statistically significant; expenditure elasticities for lowfat and skim milk demands are positive, while those for whole milk demand are negative. The signs are consistent with findings reported by Cornick, Cox, and Gould (1994) , and by Rauniker and Huang (1984) . An increase in expenditure on fluid milk causes an increase in demands for lowfat and skim milk, but reduces demand for whole milk, ceteris paribus.
Regarding own-price elasticity estimates, whole and lowfat milk demands have negative signs with high standard errors. The estimates show that whole milk demand is more price elastic than lowfat milk demand. Therefore, consumers of whole milk are affected more by its own price change than are consumers of lowfat milk. Skim milk demand shows substantially positive own-price elasticity estimates with high standard errors. The insignificant estimates of own-price elasticities likely resulted from collinearity of the milk prices. A plot of the elasticity estimates revealed random movement with an upward trend. Although the average is positive, 27% of the 73 own-price elasticities computed using the Kalman filter are negative for skim milk.
One way to interpret the prevalence of positive skim milk own-price elasticities is that a significant structural change occurred in skim milk demand during the estimation period, or it could be the AIDS model with the Kalman filter was not able to provide statistically significant estimates. It is possible the results could be changed by inclusion of potential substitutes to skim milk (such as fruit juice and soft drinks), or by allowing the coefficient of β t !1 in the state equation (6) to be estimated rather than fixing it equal to one.
On the other hand, skim milk demand may be just inelastic enough not to be affected by an increase of its own price in an economically significant way. Most likely, the high standard error and the relatively large negative cross-price elasticity with respect to lowfat milk indicate simply that collinear data caused imprecision in the estimates. Table 4 displays estimated demand elasticities before and after the structural breakpoint suggested by the nonparametric analysis (December 1994) and the statistical significance of the difference. In terms of expenditure elasticity, the changes in whole and lowfat milk demands are statistically significant at the 1% level, and the change in skim milk is also significant, but at the 5% level. All the demands became less sensitive to expenditure changes after December 1994. The negative sign of the whole milk expenditure elasticity and positive signs of lowfat and skim milk expenditure elasticities are consistent with findings reported by Cornick, Cox, and Gould (1994) , and by Rauniker and Huang (1984) .
Some changes in price elasticities are also statistically significant. The change in own-price elasticity of whole milk demand is significant at the 1% level. Whole milk demand became more elastic with respect to its own price. The changes in both whole milk price elasticity of lowfat milk demand and lowfat milk price elasticity of skim milk demand are significant at the 5% level. Lowfat milk demand became less elastic with respect to whole milk price. Skim milk demand became more elastic with respect to lowfat milk price.
Tables 3 and 4 make it clear the estimated elasticities are somewhat imprecise, and in some cases own-price elasticity estimates are positive. For comparison, the fixed parameter SUR estimates are displayed in table 5. Cases 1 and 2 show the results obtained without differencing the data. Differencing is required because the data are nonstationary; therefore, cases 3 and 4 show the results obtained after differencing. Note that the standard errors are biased toward zero for the raw data, compared to the differenced data. The important comparison to make among the tables is that the own-price elasticity estimates are mostly positive using the fixed parameter model with the differenced data, compared to the Kalman filter estimates, the signs of which are more in line with theory. The complete set of parameter estimates using the Kalman filter is available upon request from the authors. In any case, the elasticity estimates themselves are of only indirect importance to the findings of structural change. 
Conclusions and Implications
Both nonparametric and parametric analytical methods succeeded in disentangling price and expenditure effects from the effects of structural change. Primarily, these results indicate there was an economically meaningful and statistically measurable structural change in fluid milk demand in New York State between 1991 and 1998. Both methods rely upon statistical tests of the null hypothesis that the structure did not change, and the null hypothesis was rejected at the 5% level of significance in each case. Aggregation and collinearity of prices caused imprecision in the elasticity estimates, which may raise questions about the robustness of the results. However, both parametric and nonparametric methods confirm the occurrence of a structural change, and that consumers were still actualizing a change in preferences long after lowfat and skim milk were introduced into the market.
No single demand parameter can be identified to summarize the nature of the structural change. Notably, all demands became more expenditure inelastic, and whole milk demand became more ownprice elastic. On the other hand, the exact nature of the structural change may not be identifiable using the approach taken here. It appears there was not one single parametric shift, but rather a more subtle change in structure that was difficult to characterize. The parametric and nonparametric approaches are well suited for identifying structural change, but they may not be the most well suited for characterizing its nature.
Instead, other a priori knowledge about milk consumption may elucidate the matter more easily. Skim and lowfat milk consumption have increased relative to whole milk, even as their relative prices have been steady. Clearly, the structural change has resulted in a shift toward lowfat and skim milk consumption, whatever its effect on the parametric model. Future work might concentrate on developing a new approach to characterize this change more precisely.
Other natural extensions for future research would be to include potential substitutes for fluid milk products and to incorporate demographic variables and an indicator representing consumers' knowledge about the relationship between fat intake and health. Increasing the number of observations could lead to the identification of long-term patterns in fluid milk consumption. The difficulty of such an approach is that it may require incorporating additional explanatory variables into every parameter estimate, which may reduce the degrees of freedom considerably as the number of parameters increases two-, three-, or four-fold in a model already plagued by high standard errors.
One implication of the structural change result reported here is that further health education, information, and advertising may trigger increased structural change in fluid milk consumption. On one hand, consumers who are more informed about fat content are better able to make choices among milk products. On the other hand, consumers could not act upon new information without labels which effectively differentiate milk products.
